The objectives of this study were to evaluate the current fitness ofan area ambulance service based in Belfast and to quantify the physiological demands of Approval from the local medical ethical committee was received before the study.
Physical fitness and occupational demands of the Belfast ambulance service R P Gamble, A B Stevens, H McBrien, A Black, G W Cran, C A G Boreham Abstract The objectives of this study were to evaluate the current fitness ofan area ambulance service based in Belfast and to quantify the physiological demands of accident and emergency work. From a total staff of 230,105 (46%) volunteered to undergo a series of fitness tests subject to health state. Results based on body mass indices showed that 52% ofsubjects could be classified as overweight and 10% of subjects as obese. Fitness levels were similar to other comparable samples and showed the expected but not inevitable decrease with age. A simple work related task (walking at 6 km/h) per- formed in the laboratory showed that 54% of men over 40 years of age and 24% under 40 found it taxing. This would favour selection for accident and emergency work on the basis of functional capacity rather than chronological age. Accident and emergency work consisted of long periods of inactivity interspersed with shorter periods of relatively intense activity, often above the anaerobic threshold. Lactate concentrations measured during a staged emergency incident also suggested that personnel may work at intensities exceeding their anaerobic threshold. The incorporation of physical fitness standards in the ambulance service may be appropriate and consideration should be given to a reduced age of retirement.
Of the recognised emergency services (fire, police, and ambulance) least is known about the physical characteristics and occupational demands of ambulance personnel. This is despite the widespread Vo2max, using an automated on line system of gas analysis (Oxycon IV, Mijnhardt BV, Holland). A correlation of r = 0-6 (p < 0-005) indicated that the PWC85% provides reasonable estimates of directly measured Vo,max in line with previous studies.'0 During the assessment of Vo,max, capillary blood samples were collected from the ear lobe for subsequent lactate analysis with an automated system (Analox Ltd, England). A concentration of 4 mmol/l was used to establish the so called "anaerobic threshold."" This is the intensity of physical work beyond which aerobic sources can no longer sustain energy requirements, resulting in a rapid onset of metabolic acidosis and muscle fatigue.'2 Heart rate was also continuously monitored during the treadmill test. To assess the relative physical stress of an everyday task on the cardiovascular system, oxygen uptake at a brisk walking pace (6 km/h) was measured on the treadmill and expressed as a percentage of Vo2max.
From the subgroup of 20 men, eight subjects agreed to participate in the assessment of accident and emergency duties. A total of 21 working shifts were assessed in the field using portable heart rate telemetry systems (Polar Electro, Finland).
Stored heart rate data were downloaded onto a computer (IBM Model 5155) for further analysis. As heart rate and work output are related linearly between moderate and heavy workloads," the heart rate data could be interpreted in terms of occupational workload relative to the subject's previously measured maximum aerobic power and anaerobic threshold.
Finally, a simulated emergency incident similar to that which might be experienced in the field was performed under controlled conditions. The same eight volunteers were divided into pairs and asked to run up five flights of 11 stairs (18 cms) to the scene of the incident (stage 1). After assessing the situation they descended the stairs to collect equipment (stage 2) before returning to the scene (stage 3). The incident was completed when the ambulancemen carried the patient (body weight 70 kg) downstairs to the starting point (stage 4). Heart rate response was monitored continuously and blood lactate concentrations were measured at each stage during the incident.
Standard statistical methods were used in the analysis of the data. The Pearson product-moment was employed for the correlation of experimental procedures and Student's t test was employed for the comparison between participants and nonparticipants.
Results
Any interpretation of results must allow for the magnitude of the response rate (46%) and the voluntary nature ofparticipation in the study. Regarding the second, it could be surmised that volunteers tended to be "fitter" or have more confidence in their physical abilities for the job than the nonparticipants. This is supported by comparing the ages-namely, 37 (SEM 1) years for participants and 44 (SEM 0-8) years for non-participants-indicating an age bias in the sample. No significant difference was seen, however, between the two groups for waist girth obtained from current uniform sizes. Table 1 shows the characteristics for participants. Most BMIs (56% of subjects) were above the acceptable range of 20-1-25 kg/mi 14 and 10% of subjects were above 30 kg/m', commonly recognised as the threshold of clinical obesity.7 Although only a small population offemale staffwere assessed, a substantial difference in hand grip strength between men and women was found. Women, however, possessed a higher level of flexibility (table 1). 17 For the eight volunteers, several episodes of extended vigorous activity were apparent from the heart rate recordings made during normal shift work. Figure 2 shows an example of this. From Figure 2 A typicalfield recording of heart rate. Recordings were taken during a typical 12 hour shift using a portable heart rate telemetry system (Polar Electro, Finland), and measured as beats per minute. The anaerobic threshold and Po, max heart rate were calculatedfrom a treadmill test. pulmonary resuscitation and chair carrying raised heart rate above anaerobic threshold values for periods of up to 11 minutes. Extended periods of moderate activity including the response to a road traffic accident and patient transfers caused a raised heart rate approaching threshold values for longer periods.
The observation that ambulancemen may be required to perform physical tasks at high relative intensities was also shown by the simulated emergency incident (table 3) . A mean heart rate of 150 beats a minute (range 129-162) was reached (n = 8) during the exercise, representing 60% of Vo,max of the personnel as identified by the treadmill test.
Lactate concentrations as hiigh as 4-8 mmol/l (range 3-5-6-0) were found at the end of the exercise. The mean time taken to perform the manoeuvre was eight minutes 26 seconds.
Discussion
To date the occupational demands and levels of physical fitness required to effectively carry out The need for high standards of physical fitness for ambulance personnel is highlighted by the nature of accident and emergency work as seen both in the field and in simulated incidents. Long periods of inactivity were interspersed with bouts of relatively intense activity, often well above the anaerobic threshold and lasting for several minutes. Musculoskeletal injuries, which are a major concern within the ambulance service, have been shown to occur more frequently when those involved become fatigued.5 An increase in physical fitness among personnel may decrease the frequency of such episodes. The benefits of improved fitness might be cost effective in reducing absence due to sickness.'925
It may be appropriate to consider the introduction of physical fitness standards for new recruits. Before these could be introduced, however, further research is required to establish appropriate and valid limits for such standards. For those staff already employed, opportunities and facilities for the improvement of physical fitness should be introduced along with opportunities for regular assessments and appropriate advice. In view of the evident physical demands of the ambulance service, consideration should be given to a reduction in the age of retirement. 
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